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A wide variety of CNS lesions have been associated with changes in heart rate (HR). However, in epileptic patients their value
to lateralize seizure onset remains controversial. This study aims to assess if HR changes associated with partial onset seizures
could be useful in lateralizing seizure onset.
We analysed HR changes on 100 seizures from 38 consecutive patients (mean age: 27.5 years) admitted for video-EEG
telemetry monitoring. We evaluated the R–R interval 30 seconds before the seizure onset and 10, 20 and 120 seconds after the
onset. We assessed whether there was a correlation between HR changes and seizure type, left/right differences and different
semiological components for each seizure.
We recorded 100 seizures. Three non-lateralized seizures were excluded from the analysis; 63/97 (65%) had left hemisphere
onset, mainly from the temporal lobe (57.7%). The mean baseline HR was 77 beats per minute Ictal tachycardia (HR:≥ 107.06
beats per minute) was detected in 32 seizures, with ictal onset from the mesial temporal lobe structures in 23/32; 16/32 occurred
during the first 10 seconds and 16/32 during the next 20 seconds from the seizure onset independently of the site of origin.
Among the different semiological components for each seizure, only dystonic posturing and automatism correlated with HR
increments. We did not find bradycardia in our series.
Ictal tachycardia occurs most frequently with seizures arising from the mesial temporal lobe and it may not reliably predict
the lateralization of seizure onset.
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INTRODUCTION
The putative role of the cerebral hemispheres in modu-
lating the autonomic cardiac balance is still poorly un-
derstood. Along with other higher cortical functions,
hemispheric lateralization in cardiac autonomic con-
trol has been suggested based upon the observation
of heart rate and/or blood pressure changes following
brain lesions, but these changes do not directly reflect
the intrinsic cardiac sympathovagal regulation1. Such
differences may result from different left/right cere-
bral hemispheric influences upon the brainstem auto-
nomic centers and can be evaluated by cerebral inac-
tivation or stimulation2. Such changes have been re-
ported following a wide variety of brain lesions includ-
ing stroke, epilepsy, cerebral trauma, encephalitis and
brain tumors.
In epileptic patients most of these disturbances,
seen primarily in the form of tachycardia, could be
drug related3 and have been reported following both
complex partial seizures (CPS) and simple partial
seizures (SPS). Furthermore, the association between
heart rate (HR) changes and sudden unexpected death
in epileptic patients (SUDEP) has been suggested by
case reports of patients with temporal lobe epilepsy
and unexpected death4–6. Pathological cases, as well
as animal models proposed to explain SUDEP, sug-
gest that diffuse extratemporal and/or bilateral mesial
temporal damage in epileptic patients could interfere
with descending forebrain pathways that have influ-
ence on cardiovascular regulation, accounting for HR
variability. Nevertheless, its semiological value to lat-
eralize seizure onset remains controversial in epileptic
patients.
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It is well known that 25–30% of epileptic patients
are not adequately controlled with medical therapy and
these represent the group of refractory patients7. For
some of these patients epilepsy surgery is considered,
and a thorough work up is used in order to identify the
epileptogenic zone. Clinical semiology is one of the
parameters used for such lateralization, although the
lateralizing value for some of the clinical manifesta-
tions remains controversial.
The objective of the present study was to evalu-
ate if heart rate changes associated with partial onset
seizures could be helpful in lateralizing ictal onset.
MATERIALS AND METHODS
We analysed HR changes on 100 consecutive CPS
from 38 epileptic patients referred to our center for
video-EEG monitoring. Most of these cases were ad-
mitted to our unit to define suitability for epilepsy
surgery. All patients studied had no history or evidence
of an active cardiovascular disease, diabetes, uremia or
any other disorder that might affect the autonomic ner-
vous system. In order to be included in the study, base-
line heart rate had to be below 120 bpm, and patients
had to be on no other medication than antiepileptic
drugs (AEDs).
Scalp EEG was performed with electrodes applied
following the 10–20 International System, plus two
additional sphenoidal electrodes. Electrodes monitor-
ing eye movements and chest electrodes for EKG leads
were also used. One patient was also recorded with in-
dwelling depth electrodes. All patients had a negative
brain MRI ruling out the presence of a progressive
lesion.
We measured the R–R interval for the 60 seconds
that preceded the seizure onset and thereafter at 10,
20 and 120 seconds after ictal onset. Ictal onset was
defined both clinically and electrographically. From
the electrographical point of view we classified tem-
poral onset seizures as mesial or neocortical, based
on the patterns recently described by Pacia and Eber-
sole8. The first of these patterns, accepted as a ‘mesial
pattern’, is characterized by a regular 5–9 Hz activ-
ity localized over subtemporal and/or anterior tem-
poral areas. The second pattern, highly associated
with ‘neocortical temporal lobe onset’, is character-
ized by low-voltage, high-frequency discharges in the
beta and ‘gamma’ range with slow and irregular corti-
cal rhythms following seizure onset. This activity can
be focal or regional temporal. Semiological analyses
included the presence and type of aura, type of au-
tomatisms, dystonic posturing and the presence of sec-
ondarily generalized tonic–clonic seizure. Only those
seizures without motor manifestations at the onset
were considered for analysis in order to rule out their
influence upon heart rate.
A mean baseline HR was estimated (B-HR) and
thereafter at 10, 20 and 120 seconds after seizure on-
set. Mean differences compared to B-HR were as-
sessed with a non-parametric variable test (Wisconsin
test). B-HR± 2SD was used to define significance at
a P level ≤ 0.05. This value was used to examine
each particular seizure, assessing if it produced ictal
HR changes. Finally, we attempted to correlate HR
changes and left/right side differences, electrograph-
ical onset and the semiological components for each
seizure.
RESULTS
We included 38 patients (18 male and 20 female, mean
age: 27.6 years, range: 3–53 years). Eleven patients
had a single seizure whereas 27 had multiple seizures
during the recording. All patients had consistent HR
changes from seizure to seizure. General physical
and neurologic examinations were unremarkable ex-
cept for eight out of 37. All patients were exposed to
AED therapy with plasma levels within the therapeutic
range. (See Table 1 for demographic information.)
Brain MRI detected morphologic alteration in 25
out of 37 cases. In 23 cases focal lesions were doc-
umented, including hippocampal sclerosis (n = 16),
sequelae from previous surgery for cerebral neoplasm
(n = 2) or trauma (n = 1) and gray matter heterotopy
(n = 4).
We were able to lateralize seizure focus in 97
seizures, thus excluding the other three, for statisti-
cal analysis. The mean B-HR was 77 bpm, and the
mean HR at 10, 20 and 120 seconds after seizure on-
set was 88.8, 95.1 and 93.5 bpm, respectively. The
mean HR was significantly modified from baseline at
10 (P = 0.001), 20 (P = 0.003) and 120 (P = 0.002)
seconds.
HR was raised in 32 seizures (32.9%), half of them
within the first 10 seconds from seizure onset and the
remaining within the first 20 seconds. We found no ic-
tal bradycardia or interictal heart rate disorders in our
patients. Analysis of HR at 120 seconds from ictal on-
set showed changes only in those cases with secondar-
ily tonic–clonic activity.
HR changes in relation to hemispheric
lateralization
Sixty-five percent of the seizures lateralized to the
left hemisphere and the remaining to the right. Con-
sidering only those seizures with ictal HR changes,
10/32 (31.2%) were right-sided and 22/32 (68.8%)
left-sided. These percentages were also seen for those
seizures without HR changes. We found no statistical
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differences between both groups in relation to lateral-
ization (Fig. 1).
Table 1: Demographic information.
Pt Age Sex #Sz Sz. type MRI findings
1 13 F 7 CPS Normal
2 13 M 1 CPS Normal
3 32 F 1 CPS- 2◦GTC MTS
4 25 M 2 CPS MTS
5 29 M 1 CPS Normal
6 21 M 1 CPS CD
7 28 F 2 CPS MTS
8 22 M 8 CPS MTS
9 21 F 2 CPS Gliosis
10 11 M 7 Miocl Focal atrophy
11 49 F 4 CPS MTS
12 21 F 5 CPS Normal
13 37 F 3 CPS MTS
14 41 M 3 CPS Normal
15 53 M 2 CPS MTS
16 43 M 1 CPS MTS
17 8 F 3 CPS Normal
18 37 M 1 CPS Normal
19 22 F 3 CPS Normal
20 31 M 2 CPS CNS tumor
21 31 M 1 CPS MTS
22 10 M 2 CPS Normal
23 21 F 3 CPS MTS
24 7 F 3 CPS Focal atrophy
25 3 F 5 CPS Normal
26 18 M 1 CPS Normal
27 26 F 3 CPS CD
28 20 M 2 CPS MTS
29 21 F 2 CPS MTS
30 21 F 1 CPS MTS
31 32 F 1 CPS MTS
32 26 M 1 CPS-2◦GTC CNS tumor
33 52 F 4 CPS CD
34 40 F 2 CPS MTS
35 26 M 4 CPS MTS
36 16 M 2 CPS-2◦GTC Normal
37 36 M 1 CPC-2◦GTC Head trauma
38 10 F 3 CPS CD
MTS, Mesial Temporal Sclerosis; CD, Cortical Dysplasia.
HR changes related to seizure focus
Seizure onset defined by ictal EEG findings was as
follows: 41/97 seizures were extratemporal and 56/97
had temporal onset. In the latter group, 40/56 had elec-
trographic patterns suggestive of mesial temporal on-
set, whereas the onset was defined as neocortical in the
remaining 16.
Considering the relationship between seizures with
HR changes and seizure onset, we found that the ma-
jority of these seizures (25/32) had temporal onset.
Looking for differences between mesial and neocor-
tical origin, we found that the mesial group was re-




































Fig. 3: HR changes related to semiological findings.
The analysis of those seizures without HR changes
showed that 34/65 (52.3%) had an extratemporal focus
and 31/65 (47.7%) a temporal one, without a signifi-
cant difference between mesial and neocortical onset.
In summary, the only difference statistically signif-
icant was the one that linked temporal lobe onset and
HR changes (Fig. 2).
HR changes related to semiological findings
We found that 17/32 (53.1%) seizures with HR
changes had a clear aura, 28/32 (87.5%) automatisms
and 19/32 (59.4%) dystonia. A similar analysis for
those seizures without HR changes showed an aura
in 23/65 (35.4%), automatisms in 29/65 (44.6%) and
dystonia in 14/65 (21.5%) (Fig. 3).
Finally, we found no association between HR
changes and age, sex or pharmacological therapy ad-
ministered.
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DISCUSSION
One of the most striking findings in the present study
is the significant percentage of partial onset seizures
presenting with increased HR as an ictal manifesta-
tion. Moreover, these changes seem to have a more
robust association with partial seizures arising from
the temporal lobe, especially from mesial structures.
However, our findings failed to support a positive cor-
relation between cardiac changes and side of the ic-
tal discharge suggesting that, although present in some
cases, they have no predictive value to assess lateral-
ization.
Although in the present study we observed no dif-
ferences between left-sided onset with or without HR
changes, we have to recognize that these figures might
reflect a sample bias, given that 65% of the anal-
ysed seizures were left-sided in origin. Furthermore,
our results showed that 78% of the seizures with ic-
tal tachycardia were seen in patients with temporal
lobe epilepsy, especially those with electrographic on-
set from mesial structures, which accounts for 92%
of the events with temporal onset. This finding, along
with the presence of automatisms and dystonia, semio-
logical features mostly seen with mesial temporal lobe
epilepsy, reached statistical significance.
Our findings agree with several other reports, in
spite of the fact that different methods were used to
evaluate the relationship between seizures and HR
changes. Li et al.4 observed tachycardia in 39% of
their patients with CPS from temporal lobe epilepsy,
but found no differences regarding lateralization. Sim-
ilar conclusions were reported by Galimberti et al.6.
Blumhardt and his group9 have also seen sinus tachy-
cardia in 92% of their patients with temporal lobe
epilepsy, whereas Marshall et al.10 observed a similar
incidence rate in video-EEG evaluation of CPS. Con-
trary to the present study, the possibility to lateralize
seizure onset has been proposed through both clinical
and experimental studies. Fang et al.11 found that the
electrical stimulation of the right hypothalamus trig-
gers a significant cardioacceleration in dogs, whereas
the stimulation of the left hypothalamus resulted only
in a moderate response. Asymmetrical autonomic in-
nervation of the heart and lateralization of cardiac
sympathetic outflow in the brainstem has also been re-
cently suggested by Hachinski et al.12 using a stroke
animal model. They found that right hemispheric in-
farcts produced a greater increase in sympathetic nerve
discharge, plasma norepinephrine, and duration of the
QT interval of the EKG. In studies performed during
an intracarotid amytal test, both Hachinskis1 and Zam-
rini’s2 groups found an increased HR after the inacti-
vation of the left hemisphere by an intracarotid injec-
tion of amobarbital, whereas a reduction in HR was
seen after inactivation of the right hemisphere. This
observation provides support for the hypothesis that
the autonomic response might be disinhibited with le-
sions in the contralateral hemisphere5. Given that the
major effects of an intracarotid amobarbital injection
are in the distribution of the ipsilateral anterior and
middle cerebral arteries, the changes in HR appear to
be produced by a suprabulbar inactivation, so it does
not represent a discrete focus, similar to what happens
during a seizure. In addition, these reports were done
with a small number of subjects, so that changes could
be not statistically significant. Oppenheimer et al.13
suggested a right-sided dominance for sympathetic ef-
fects in humans by stimulation of the insular cortex.
However, simple observation of the HR or blood pres-
sure level may not be an accurate method for assess-
ing cardiac sympathovagal balance. In a recent report
by Swartz and colleagues14 based on patients under-
going electroconvulsive therapy (ECT), they showed a
significant and more persistent HR elevation with right
than with left side stimulation. This observation agrees
with the predominantly right-sided mechanisms that
mediate sympathetic cardioacceleration and with the
theory that the cardioacceleratory sinoatrial heart node
is innervated by a greater number of sympathetic fibers
arising from the right side of the brain14. It is im-
portant to consider that these HR changes can result
from a summation of effects. The seizures triggered
by ECT are linked not only to ictal discharges that in-
volve widespread cortical areas, but also to endocrine
mechanisms, such as epinephrine liberation. This un-
derlying pathophysiological process is rather different
from the one seen with CPS, where seizures originate
from a limited brain area.
Several reports in the literature emphasized the po-
tential role for mesial temporal lobe structures, or-
bitofrontal cortex and its connections in the genesis
of HR changes. Different tachycardia and bradycardia
sites have been demonstrated by experimental studies
in the left insular cortex and, in addition, data from
insular cortex stimulation in those patients undergoing
surgery for pharmacoresistant epilepsy suggest a right-
sided dominance for sympathetic effect6. It is well
known that the insula is part of the operculo–insulo–
mesiotemporal–orbital complex and has widespread
interconnections with subcortical areas implicated in
autonomic control15. These autonomic suprabulbar in-
fluences are mediated by three major output pathways
from the orbitofrontal cortex: (1) to the thalamus via
the inferior thalamic peduncle; (2) to the temporal
lobe and amygdaloid nuclei via the uncinate fascicu-
lus; and (3) to the brainstem through the subthala-
mus and dorsal hypothalamus. Stimulation along the
frontocortical–brainstem pathways increases sympa-
thetic tone and may produce cardiac arrhythmias2. An-
imal models of epilepsy show that severe epileptiform
activity can produce an important disruption of au-
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tonomic influences on blood pressure and heart rate,
which can trigger ventricular fibrillation and death.
Frysinger et al.16, 17 have suggested that some combi-
nations of selective cell and afferent fiber loss and pos-
sibly synaptic reorganization of remaining input exist
in the human amygdala ipsilateral to a temporal lobe
seizure onset. Such changes may result in a loss or al-
teration of normal forebrain influences on cardiac and
respiratory control systems16 and can potentially lead
to unusual cardiac pattern17.
Interestingly, we found no bradycardia in the present
series, which has rarely been described in the liter-
ature, in some cases with extreme reductions lead-
ing to asystole18. Bradycardia was observed mainly
during partial seizures of temporal lobe origin, with-
out relationship to any side. In recent series, Mas-
setani et al.5 found no bradycardia in their patients
and Blumhardt et al.9 only in less than 10% of their
patients. Two earlier reports have suggested that only
a minority of induced (Green and Woods19) or spon-
taneous9 seizures appear to be associated with a sig-
nificant bradycardia10. In agreement with Blumhart et
al.10 and Massetani et al.5, who showed that the in-
terictal incidence of high-risk cardiac arrhythmia in
patients with epilepsy did not exceed that in the gen-
eral population, we failed to show seizure-related dis-
turbances in cardiac rhythm.
We concluded from our findings that, although
tachycardia is most likely to be seen with temporal
lobe epilepsy, it has no lateralizing value. However,
further studies are needed to confirm the present re-
sults.
ACKNOWLEDGEMENTS
The authors thank Kirsten Heidel, Mayo Medical
School student, for her technical assistance and Ed-
uardo Benarroch, MD, for helpful discussions.
REFERENCES
1. Yoon, B., Morillo, C., Cechetto, D. and Hachinski, V. Cere-
bral hemispheric lateralization in cardiac autonomic control.
Archives of Neurology 1997; 54: 741–745.
2. Zamrini, E., Meador, K., Loring, D., Nichols, F., Lee, G.,
Figueroa, R. and Thompson, W. Unilateral cerebral inactiva-
tion produces differential left/right heart rate responses. Neu-
rology 1990; 40: 1408–1411.
3. Tomson, T., Ericson, M., Ihrman, C. and Lindbland,
L. E. Heart rate variability in patients with epilepsy. Epilepsy
Research 1998; 30: 77–83.
4. Li, L. M., Roche, J. and Sander, J. W. Ictal ECG changes in
temporal lobe epilepsy. Arquivos de Neuro-Psiquiatria 1995;
53: 619–624.
5. Massetani, R., Strata, G., Galli, R. et al. Alteration of cardiac
function in patients with temporal lobe epilepsy: different roles
of EEG-ECG monitoring and spectral analysis of RR variabil-
ity. Epilepsia 1997; 38: 363–369.
6. Galimberti, C., Marchioni, E., Barzizza, F., Manni, R., Sartori,
I. and Tartara, A. Partial epileptic seizures of different origin
variably affect cardiac rhythm. Epilepsia 1996; 37: 742–747.
7. Porter, R. and Sato, S. Candidacy for resective surgery of
epilepsy. In: Epilepsy Surgery (Ed. Hans Otto Lu¨ders). New
York, Raven Press, 1992: pp. 105–111.
8. Pacia, S. and Ebersole, J. Intracranial EEG substrates of scalp
ictal patterns from temporal lobe foci. Epilepsia 1997; 38:
642–654.
9. Blumhardt, L., Smith, P. and Owen, L. Electrocardiographic
accompaniments of temporal lobe epileptic seizures. Lancet
1986; 10: 1051–1056.
10. Marshall, D., Westmoreland, B. and Sharbrough, F. Ictal
tachycardia during temporal lobe seizures. Mayo Clinic Pro-
ceedings 1983; 58: 443–446.
11. Fang, H. S. and Wang, S. C. Cardioaccelerator and cardioaug-
mentor points in hypothalamus of the dog. American Journal
of Physiology 1962; 203: 147–150.
12. Hachinski, V., Oppenheimer, S., Wilson, J., Guiraudon, C. and
Cechetto, D. Asymmetry of sympathetic consequences of ex-
perimental stroke. Archives of Neurology 1992; 49: 697–702.
13. Oppenheimer, S., Gelb, A., Girvin, J. and Hachisnki, V. Car-
diovascular effects of human insular cortex stimulation. Neu-
rology 1992; 42: 1727–1732.
14. Swartz, C., Abrams, R., Lane, R., DuBois, M. and Srini-
vasaraghavan, J. Heart rate differences between right and left
unilateral electroconvulsive therapy. Journal of Neurology,
Neurosurgery and Psychiatry 1994; 57: 97–99.
15. Kahane, P., Di Leo, M., Hoffmann, D. and Munari, C. Ictal
Bradycardia in a patient with a hypothalamic hamartoma: A
stereo-EEG study. Epilepsia 1999; 40: 522–527.
16. Frysinger, R. and Harper, R. Cardiac and respiratory corre-
lations with unit discharge in epileptic human temporal lobe.
Epilepsia 1990; 31: 162–171.
17. Frysinger, R., Engel, J. and Harper, R. M. Interictal heart
rate patterns in partial seizure disorders. Neurology 1993; 43:
2136–2139.
18. Tigaran, S., Rasmussen, V., Dam, M., Pedersen, S., Hogen-
haven, H. and Friberg, B. ECG changes in epilepsy patients.
Acta Neurologica Scandinavica 1997; 96: 72–75.
19. Smith, P., Howell, S., Owen, L. and Blumhardt, L. Profiles of
instant heart rate during partial seizures. Electroencephalogra-
phy and Clinical Neurophysiology 1989; 72: 207–217.
